(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

28.07.1999 Bulletin 1999/30 

(21) Application number: 99101105.7 

(22) Date of filing: 21.01.1999 



( ii) EP 0 932 220 A2 

EUROPEAN PATENT APPLICATION 

(51) mtci 6; H01Q 11/08, H01Q3/26 



(84) 


Designated Contracting States: 


• Ogawa. Koichi 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Hirakata-shi, Osaka 573-1 171 (JP) 




MC NL PT SE 


• Nakamura, Hiroyuki 




Designated Extension States: 


Neyagawa-shi, Osaka 572-0089 (JP) 




AL LT LV MK RO SI 


• Takahashi, Kenichi 






kawasaki-shi, Kanagawa 214-0036 (JP) 


(30) 


Priority: 23.01.1998 JP 1133098 






(74) Representative: Grunecker, Kinkeldey, 


(71) 


Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 


Stockmair & Schwanhausser Anwaltssozietat 


CO., LTD. 


Maximilianstrasse 58 




Kadoma-shi, Osaka 571-8501 (JP) 


80538 Munchen (DE) 


(72) 


Inventors: 




• 


Matsuyoshi, Toshimitsu 






Katano-shi, Osaka 576-0054 (JP) 





(54) Multi-filar helical antenna and portable radio 

(57) A multi-filar helical antenna has an antenna ra- 
diant section which has n elements which are wound in 
spiral, and a phase control part which feeds signal to the 



n elements with a phase delay of 360° /n each in the 
order of an arrangement of the n elements or a phase 
lead of 360° /n each in the order of the arrangement of 
the n elements. 
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Description 

" BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a multiple-wire 
wound helical antenna which is used mainly for a mobile 
radio device such as a portable telephone. 

Related Art of the Invention 

[0002] The recent years have seen a rapid develop- 
ment of mobile telecommunication such as portable tel- 
ephones, and as a result, not only portable telephone 
systems using ground stations are wanted but systems 
using satellites as well are expected. Meanwhile, an an- 
tenna is one of important devices of a portable tele- 
phone terminal 

[0003] In the following, an example of a conventional 
quadrifilar helical antenna mentioned above will be de- 
scribed with reference to an associated drawing. 
[0004] Fig. 9 is a block diagram showing a conven- 
tional quadrifilar helical antenna. In Fig. 9, denoted at 
201 is a quadrifilar helical antenna radiant section, de- 
noted at 202 is a 3dB hybrid, and denoted at 203 is an 
input/output terminal. An operation of the quadrifilar hel- 
ical antenna having such a structure will be described 
below. 

. [0005] The quadrifilar helical antenna 201, when di- 
mensioned to have an appropriate size and fed at the 
input/output terminal 203 through the 3dB hybrid 202, 
exhibits radiation pattern having a conical beam char- 
acteristic as that shown in Fig. 10. 
[0006] However, since the directivity is always upward 
with such a structure described above, if this antenna is 
disposed to a portable telephone which utilizes a satel- 
lite, the directivity becomes downward with the antenna 
folded during stand-by, whereby a radio wave from 
above is failed to be received. 

SUMMARY OF THE INVENTION 

[0007] I n view of such a problem with the conventional 
technique, the present invention aims at providing a 
multi-filar helical antenna which exhibits an upward di- 
rectivity not only when stretched but even when folded 
as well. 

[0008] The present invention is directed to a multi-filar 
helical antenna which comprises: an antenna radiant 
section which comprises n elements which are wound 
in spiral; and phase control means which feeds a signal 
to the n elements with a phase delay of 360° /n each in 
the order of an arrangement of the n elements or a 
phase lead of 360° /n each in the order of the arrange- 
ment of the n elements. 

[0009] The present invention is also directed to a mul- 
ti-filar helical antenna which comprises: an antenna ra- 



diant section which comprises four elements which are 
wound in spiral: two feed lines which are connected to 
the antenna radiant section and have substantially the 
same electrical length with each other: a 3dB hybrid 

5 which comprises four terminals: and two terminating cir- 
cuits, wherein two on one side out of the four terminals 
of the 3dB hybrid are connected to the two feed lines, 
two on the other side out of the four terminals of the 3dB 
hybrid are connected to a switch which switches a con- 

10 nection state with a signal input/output portion, two con- 
nection circuits for connecting the switch to two termi- 
nals out of the four terminals of the 3dB hybrid are re- 
spectively connected to terminating circuits, and where- 
in when the signal input/output portion is conducted with 

is either one of two terminals of the 3dB hybrid as the 
switch switches over, non-conducting one of the termi- 
nals is terminated by one of the terminating circuits 
which is connected to the non-conducting terminal. 
[0010] With such structures according to the present 

20 invention, by means of a switch, it is possible to switch 
the directivity of an antenna between an upward direc- 
tion and a downward direction. Hence, when the anten- 
na is attached to a portable radio terminal, it is possible 
to direct the directivity of the antenna always to above 

25 regardless of whether the antenna is stretched or folded. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

30 

Fig. 1 is a schematic diagram of a quadrifilar helical 
antenna according to a preferred embodiment of 
the present invention; 

Fig. 2 is a circuitry diagram of the quadrifilar helical 
35 antenna according to the preferred embodiment of 
the present invention: 

Fig. 3 is a structure diagram of the quadrifilar helical 
antenna according to the preferred embodiment: 
Figs. 4 and 5 are views showing a method of feeding 
40 signal to the quadrifilar helical antenna according to 
the preferred embodiment; 

Fig. 6 is a view showing a radiation pattern of the 
quadrifilar helical antenna according to the pre- 
ferred embodiment; 

45 Fig. 7 is a circuitry diagram of a phase control circuit 
of an octafiler helical antenna according to the pre- 
ferred embodiment of the present invention; 
Fig. 8 is a view showing the quadrifilar helical an- 
tenna according to the preferred embodiment at- 

50 tached to a satellite portable telephone, as it is 
stretched and folded; 

Fig. 9 is a block diagram of a conventional quadri- 
filar helical antenna; and 

Fig. 10 is a view showing a radiant pattern of the 
55 conventional quadrifilar helical antenna. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] In the following, the present invention will be 
described in relation to preferred embodiments, with ref- 
erence to the associated drawings. 
[0013] Fig. 1 is an abstract circuitry diagram of aquad- 
rifilar helical antenna according to a preferred embodi- 
ment of the present invention, and Fig. 2 specifically 
shows the quadrifilar helical antenna. In Figs. 1 and 2, 
denoted at 101 is a quadrifilar helical antenna radiant 
section, denoted at 102 is a 3dB hybrid, denoted at 103 
is a switch, denoted at 104 is an input/output terminal, 
and denoted at 105 is a control terminal of the switch 
103. 

[001 4] Denoted at 1 06a and 1 06b are circuits for SQQ- 
terminating non-conducting other terminal when one 
terminal of the switch 1 03 conducts. Denoted at 1 07 are 
feed lines, denoted at 1 08, 1 09, 1 1 1 a and 1 1 1 b are input/ 
output terminals of the 3dB hybrid 102, denoted at 112a 
and 112b are connection terminals of the switch 103, 
and denoted at 113 is a common terminal of the switch 
103. Denoted at 190 is a circuit in which two terminals 
are connected to the two feed lines 107, and two output 
terminals branch out from one of the two terminals and 
other two output terminals branch out from the other one 
of the two terminals. Four lines of the helical antenna 
are connected to the four output terminals, respectively. 
At the branches, signals are out of phase 180 degrees 
from each other. 

[001 S] A circuit structure of the terminating circuit 
106a will now be described. Denoted at 121a is a d.c. 
cut capacitor denoted at 122a is a resistor denoted at 
1 23a is a diode, and denoted at 1 24a and 1 25a are con- 
trol terminals. The d.c. cut capacitor 121a is connected 
between one terminal 111a of the 3dB hybrid 102 and 
the connection terminal 11 2a of the switch 103. The ter- 
minating circuit 106a is described as follows. 
[0016] The resistor 1 22a and the diode 1 23a are con- 
nected between the control terminals 124a and 125a, 
and the control terminal 1 24a is connected between the 
d.c. cut capacitor 121a and the connection terminal 
11 2a of the switch 103. 

[0017] Like the terminating circuit 106a, in the circuit 
1 06b as well, a d.c. cut capacitor 1 21 b is connected be- 
tween the terminal 11 ib of the 3dB hybrid 102 and the 
connection terminal 1 1 2b of the switch 1 03, and a series 
circuit of the diode 123b and the resistor 122b is con- 
nected to the connection terminal 112b of the switch 
1 03. Further, the diode 1 23b and the resistor 1 22b which 
are connected in series to each other are connected be- 
tween the two control terminals 124b and 125b. 
[001 8] Next, a circuit structure of the quadrifilar helical 
antenna according to the preferred embodiment above 
will be described. The quadrifilar helical antenna radiant 
section 101 is connected to the two feed lines 107(108, 
109) which have the same electrical length with each 
other through a circuit 100, the feed lines 107 are con- 
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nected to the terminals 108, 109 of the 3dB hybrid 102, 
the terminal 111a of the 3dB hybrid 102 is.connected to 
the connection terminal 112a of the switch 103 through 
the circuit 1 06a, and the terminal 1 1 1 b of the 3dB hybrid 
s 1 02 is connected to the connection terminal 11 2b of the 
switch 103 through the circuit 106b. Further the com- 
mon terminal 113 of the switch 103 is connected to the 
input/output terminal 104. 

[0019] Fig. 3 shows a structure of the radiant section 

10 of the quadrifilar helical antenna according to the pre- 
ferred embodiment. In Fig. 3, denoted at 131 is a hollow 
cylinder of a resin, while denoted at 1 32 are antenna 
elements of metal. The four metal elements are wound 
around the resin cylinder 1 31 in spiral with equal pitches 

is between each other and at equal intervals. With respect 
to the size, a winding diameter is about 0.1 wavelength 
and a winding pitch is about 0.5 wavelength, for exam- 
ple. In addition, teflon is used as the hollow cylinder 1 31 , 
and copper wires are used as the antenna elements 

20 132, for instance. 

[0020] Now, operations of the quadrifilar helical an- 
tenna having such a structure described above will be 
described with reference to Figs. 1 through 5. 
[0021] First, operations of the quadrifilar helical an- 

25 tenna will be described with reference to Figs. 3 through 
5. 

[0022] A radiation characteristic of the quadrifilar hel- 
ical antenna 101 according to the preferred embodiment 
is a conical beam characteristic and the direction chang- 

30 es depending on the phase of fed signal. Considering 
coordinate axes as shown in Fig. 4, when the phase of 
fed signal at the terminal 1 08 is delayed 90 degrees with 
respect to the phase of fed signal at the terminal 109, 
the directivity is toward a direction +z as denoted at the 

35 solid line in Fig. 6. Meanwhile, when the phase of fed 
signal at the terminal 109 is delayed 90 degrees with 
respect to the phase of fed signal at the terminal 108, 
the directivity is toward a direction -z as denoted at the 
dotted line in Fig. 6. Thus,, by switching the phases of 

40 fed signal to the terminals 108 and 109, it is possible to 
control the direction of the directivity. 
[0023] Such switching of the phases of supplied elec- 
tricity is realized as associated input terminals are 
switched by means of the 3dB hybrid 102. 

45 [0024] Now, operations of the circuit according to the 
preferred embodiment will be described. 
[0025] The switch 103, in response to a control volt- 
age at the control terminal 105, switches the connection 
terminals 112a and 112b as a terminal to conduct with 

50 the common terminal 1 1 3. For example, when a voltage 
at the control terminal 1 05 is at a high level, the common 
terminal 113 and the connection terminal 112a conduct 
with each other, whereas when a voltage at the control 
terminal 105 is at a low level, the common terminal 113 

55 and the connection terminal 1 1 2b conduct with each oth- 
er. 

[0026] Now, a case in which voltages at the control 
terminals 105, 124b and 125a are at a high level and 



3 



5 



EP 0 932 220 A2 



6 



voltages at the control terminals 124a and 125b are at 
a low level will be considered. In this situation, the switch 
1 03 allows the common terminal 1 1 3 and the connection 
terminal 112a to conduct with each other. For transmis- 
sion, tor instance, a signal inputted at the input/output 
terminal 104 is supplied to the 3dB hybrid 102 through 
the terminal 111a. As a result, the phase of an output at 
the terminal 109 lags .90 degrees with respect to the 
phase of an output at the terminal 108 as shown in Fig. 
5. Hence, a radiation characteristic of the antenna as 
that denoted at the dotted line in Fig. 6 is obtained. In 
addition, since the diode 1 23a is off and the diode 1 23b 
is on at this stage, the terminal 111b of the 3dB hybrid 
1 02 is terminated at the resistor 1 22b. When the resistor 
122b has 50Q, the terminal 111b is 50Q-terminated. 
[0027] Conversely, voltages at the control terminals 
105, 124b and 125a are at a low level and voltages at 
the control terminals 124a and 1 25b are at a high level, 
the switch 1 03 allows the common terminal 113 and the 
connection terminal 112b to conduct with each other. 
Hence, a signal inputted at the input/output terminal 1 04 
is supplied to the 3dB hybrid 102 through the terminal 
1 1 1 b. As a result, the phase of an output at the terminal 
1 08 lags 90 degrees with respect to the phase of an out- 
put at the terminal 109 as shown in Fig. 4. Therefore, a 
radiation characteristic of the antenna as that denoted 
at the solid line in Fig. 6 is obtained. Since the diode 
123a is on and the diode 123b is off at this stage, the 
terminal 1 11 a of the 3dB hybrid 1 02 is terminated at the 
resistor 1 22a. When the resistor 122a has 50Q, the ter- 
minal 111a is 50Q-termihated. 

[0028] In this manner, although switch-over per- 
formed by the switch makes one of the terminals 111a 
and 111b of the 3dB hybrid 102 a terminal which does 
not pass a signal, the one of the terminals is terminated 
with the terminating resistor. 

[0029] As described above, according to the preferred 
embodiment, the switch is disposed before the 3dB hy- 
brid which is used to feed signal to the quadrifilar helical 
antenna, and therefore, it is possible to switch the direc- 
tivity of radiation pattern of the antenna between the di- 
rection +z and the direction -z. Further, since the termi- 
nal which does not carry a signal received from the 3dB 
hybrid is terminated at switching, this operation is more 
stable. 

[0030] Where the quadrifilar helical antenna 101 ac- 
cording to the preferred embodiment is attached to a 
satellite portable telephone 1 33 as shown in Fig. 8 in a 
foldaway fashion, as the directivity of radiation pattern 
is switched between when the antenna 101 is stretched 
and when the antenna 101 is folded, the antenna can 
always receive an radio wave from above. In this case, 
a mechanical switch 1 91 may be disposed in the vicinity 
of a supporting point around a base of the antenna 101 , 
so that when the antenna 101 is manipulated, a control 
signal is sent to the control terminal 105 from this switch 
and the switch 103 accordingly switches over. 
[0031] As described above, when a switch is disposed 



before the feed circuit of the quadrifilar helical antenna, 
it is possible to switch the directivity of radiation pattern 
of the antenna between an upward direction and a 
downward direction. Further when the quadrifilar helical 

5 antenna 101 according to the present invention is at- 
tached to a satellite portable telephone, it is possible to 
switch the directivity of radiation pattern of the antenna 
depending on whether the antenna is stretched or fold- 
ed, and hence, to direct the directivity of radiation pat- 

10 tern of the. antenna always to an upward direction. Still 
further, at switching, as the terminal which does not car- 
ry a signal received from the 3dB hybrid is terminated, 
the operation becomes more stable. 
[0032] While the preferred embodiment described 

'5 above requires that the hollow resin cylinder 131 is 
made of teflon, this is not limiting. Instead, the cylinder 
may be made of other resins such as polypropylene. 
Further, while the foregoing has described that copper 
wires are used as the antenna elements 132, a similar 
effect is maintained even when metal elements are 
printed or plated directly on the hollow resin cylinder 
131. 

[0033] The present invention does not limit the 
number of wound wires to four. Rather, eight wires may 
be wound, in which case the phase control circuit may 
be designed as shown in Fig. 7. More specifically, using 
one 3dB hybrid, two 45-degree phase-distributors and 
two switches, it is possible to form the phase control cir- 
cuit. 



Claims 

1. A multi-filar helical antenna, comprising: 

35 

an antenna radiant section which comprises n 
elements which are wound in spiral; and 
phase control means which feeds signal to said 
n elements with a phase delay of 360° /n each 
40 jn the order of an arrangement of said n ele- 

ments or a phase lead of 360° /n each in the 
order of the arrangement of said n elements. 

2. The multi-filar helical antenna of claim 1 , wherein n/ 
45 2 feeding lines are disposed, each one of said feed- 
ing tines comprises two terminals for outputting sig- 
nals which are out of phase 180 degrees with re- 
spect to each other, said terminals are connected 
to said n elements, and said fed signal is applied 

50 upon said n/2 power supply lines. 

3. A multi-filar helical antenna, comprising: 

an antenna radiant section which comprises 
55 four elements which are wound in spiral: 

two feeding lines which are connected to said 
antenna radiant section and have substantially 
the same electrical line length with each other: 



25 
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a 3dB hybrid which comprises four terminals: 
and 

two terminating circuits, 

wherein two on one side out of said four termi-. 
nals of said 3dB hybrid are connected to said 5 
two feeding lines, two on the other side out of 
said four terminals of said 3dB hybrid are con- 
nected to a switch which switches a connection 
state with a signal input/output portion, two con- 
nection circuits for connecting said switch to 10 
two terminals out of said four terminals of said 
3dB hybrid are respectively connected to termi- 
nating circuits, and 

when said signal input/output portion is con- 
ducted with either one of two terminals of said is 
3dB hybrid as said switch switches over, non- 
conducting one of said terminals is terminated 
by one of said terminating circuits which is con- 
nected to said non-conducting terminal. 

20 

The multi-filar helical antenna of claim 3, wherein 
said two terminating circuits each comprise at least: 

a series connection circuit of a diode and a ter- 
minating resistor; and 25 
two control terminals which are disposed at 
both end portions of said series connection cir- 
cuit. 



A portable radio terminal, comprising: 30 

said multi-filar helical antenna of claim 1 or 2; 
and 

a radio device to which said multiple-wire 
wound helical antenna is attached in a foldaway 35 
fashion, 

wherein said switch switches over in accord- 
ance with a condition of said multiple-wire 
wound helical antenna. 

40 

The portable radio device of claim 5, which is 
equipped with a mechanical switch which is dis- 
posed to a base of said multiple-wire wound helical 
antenna, said mechanical switch being turned on or 
off when said antenna is folded and partially con- 45 
tacts said mechanical switch. 
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